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Introduction
It has been known for some years that the petite mutation in Saccharomyces cerevisiae affects sugar utilization in laboratory strains [1] [2] [3] . Evans and Wilkie mention also that in some instances at least, im pairment of m itochondrial function by anaerobiosis brings about a sim ilar inhibition o f m eta bolism of the same sugars. M ahler and W ilkie [3] demonstrated that the effect was at the level of transport of the sugars through the cell m em brane, rather than by the inhibition of enzyme synthesis. Because of the obvious im portance o f these findings to the fermentation industries, where the ability o f a given yeast strain to m etabolize a particular sugar under microaerophilic conditions is a m atter o f con siderable significance, we have tested the ability of the petite forms of a num ber o f brew er's and distiller's yeasts to metabolize a num ber o f com m on sugars, and compared these results with the ability of the parent strains to ferm ent these sugars under microaerophilic conditions. The yeast strains were obtained from Labatt Brewing Company of Canada, O 'Keefe's Breweries of Canada, from Dr. R. E. Simard, D epartem ent des Vivres, Universite Laval, Quebec, Canada, from the National Collection of Yeast Cultures, Food Re search Institute, Norwich, England, and from mis cellaneous sources. They were maintained on malt agar or M YGP agar.
The yeasts were converted to the petite mutants by treatm ent with acriflavine (approximately 20 ng/ml) in still culture in YEP m edium, according to a method suggested by Dr. D. C. Hawthorne. Suspensions were plated on yeast extract-peptoneglucose agar, and petite colonies were isolated and purified. These were plated on yeast extract agar (0.5%) containing the different sugars as sole carbon source (2%), using a multipoint inoculator. They were scored for growth after 2 4 -4 8 h incubation at 30 °C.
Ferm entation tests were done in large D urham tubes (approxim ately 25 mm) containing m edium in depths of about 10 cm (0.5% yeast extract + 2% sugar). The medium was covered with a layer of sterile mineral oil after inoculation.
Results and Discussion
The results are presented in Tables I -III . O f the 24 petite strains, only three metabolized a-methyl glucoside, and only four metabolized raffinose. All but two metabolized sucrose. Twelve m etabolized galactose and maltose, six did not metabolize m alt ose, and 12 failed to utilize galactose. None o f the petite strains metabolized galactose but not maltose.
It is interesting to note that o f the petites o f the distiller's yeasts, only three metabolized galactose, and one of these failed to metabolize maltose. Two did not metabolize sucrose. O f the petites o f the lager yeasts, provided by Labatt's and O'Keefe's breweries, three failed to utilize galactose and all metabolized maltose. Only of the petites from lager and distiller's yeast strains tested utilize a-m ethyl glucoside, and one used raffinose.
In contrast, of seven British brewing yeasts tested, only two yielded petites which metabolized galac tose, and three failed to metabolize maltose. One of these petites metabolized a-methyl glucoside, and two, raffinose. The behavior of a sake yeast (IFO 2193) tested was of interest, as the petite from this strain failed to metabolize galactose or maltose, utilizing only glucose and sucrose. The patterns of ferm entation of sugars by the respiratory-competent parent strains, under micro aerophilic conditions, was quite unlike that of the petites in most cases. W hereas the parent strains tested by Evans and W ilkie [2] failed to metabolize the sugars which were not utilized by the corre sponding petites forms, when placed under microaerophilic conditions, most o f the industrial yeast strains tested metabolized and fermented all o f the sugars tested in the present experiments. The excep tions were the sake yeast, which did not ferm ent galactose, two British brewing yeasts, which also did not ferment galactose, one strain which did not ferment raffinose, 19 which did not ferment a-methyl glucoside, and in particular, two distiller's yeasts which did not ferment sucrose. The petites of these two strains did not utilize sucrose aerobically. In addition, ferm entation o f raffinose, a-methyl glucoside, and occasionally o f galactose, was slow in many strains.
Thus, the results differ considerably from those predicted by the data presented by Evans and Wilkie [1, 2] . Although inhibition of the m ito chondrial functions by conversion of these strains to the petite form inhibits the ability of some of the strains to m etabolize these sugars, the presum ed inhibition o f m itochondrial function in the same strains by growth under m icroaerophilic conditions had no effect on the ability o f strains which in the petite form, did not metabolize a particular sugar, to ferment the same sugar, except in the case of a-methyl glucoside, where somewhat better agree ment was observed.
When six respiratory-com petent strains which did not m etabolize galactose in the petite form were tested for the ability to ferm ent higher (10%) con centrations o f glucose, galactose or maltose under microaerophilic conditions, three of them failed to ferment galactose and one other did so only after a delay of 7 days. One (OK 17), a lager yeast, which metabolized maltose but not galactose when con verted to the petite form, fermented galactose vigorously under these conditions. Glucose and maltose were fermented vigorously by all strains. At this concentration of glucose, m itochondrial func tion is normally completely inhibited.
Concerning the strains which did not metabolize sucrose when in the petite form (YS 2968 and YS 2975), or ferm ent it under m icroaerophilic condi- tions, it should be noted that this sugar, unlike maltose and galactose, is not transported into the cytoplasm before utilization, but the enzyme re sponsible (invertase) is normally transported across the cytoplasmic m em brane to a location in the periplasmic space or is bound to the outside of the membrane. We have observed (Spencer et al. [5] ) that invertase is present in the cytoplasm of petite mutants which do not metabolize sucrose, so that apparently the enzyme in not transported across the cytoplasmic m em brane to its normal location. We have not as yet determ ined whether the invertase which we have observed in the petites o f these two strains is in the glycosylated or non-glycosylated form. N either is it yet certain w hether this is a particular case of a general phenom enon which may be useful in investigating the problem of protein export from the yeast cell, but we have observed that killer strains which do not m etabolize sucrose when in the petite form, rem ain killers as petites and hence continue to produce and export the proteinaceous killer toxin. The phenomenon we have described may be of some practical im portance in the ferm entation in dustry. While normal brewing and distilling proces ses use respiratory-com petent yeast strains which ferment all of the sugars normally found in cereal grain mashes, if the use of petite strains becomes more widespread, as suggested by M oulin et al. [4] , then brewers and distillers must consider the nature of the m utant strain and w hether it will ferment all of the sugars present in their mashes. It may be significant that the two yeasts whose petite forms do not metabolize sucrose are distillery strains. Pre sumably they are normally used for the ferm enta tion of cereal mashes, but it would be desirable to investigate yeasts which are used, for instance, for fermentation of molasses mashes where the prin cipal sugars present are sucrose an d /o r invert sugar. The two strains under consideration do not ferment sucrose under anaerobic conditions, even when in the respiratory-com petent form, so that presumably they would utilize sucrose less efficiently during fermentation of a molasses mash.
